24 5 5
2007 4 10 H

ECO I Aoy
Control Theory & Applications

5 i A

Vol. 24 No. 5
Oct. 2007

TEHT: 1000—8152(2007)05—0725—07

B B0 25 ¥ 52 T AR L Ak 2R Gl Bl e U0 R i 2 11

JEINAY, A2, TRk
(1. WP EECY B BRE S TR, LR 7 5 266100; 2. 1 B RH Y AZMGS T TRESER, LR 5 5 266042;
3. TR AR BUF S S B REA R, WL BN 310018)

FEE: 01902 AE Lt R G0 A R s o i 0. 5 B T A R Sl 5 0 i AR B4 A F 3 R B
T e SRR S P A St R G e It BR AR A ) i) AR 49 g SR ABEIR A 1) 12t 5 18 B 1) SR ) AR e A )
SR 5 R FH 388 OB 0T 7 VAR 38 0 470 W FL A A g SRARR P A AR 1) 2R M A0 5 R 1 I R S e A SRR A e o 1) 11
G, W52 EE AT I £ T W5 Ut s 08 e AR B i < 0 R R TR X D A 2 A e 43 20 1D s U B HE R B ol
. I FH 22 N B A O D 28 RN 50 o 2 A I 2%, A T T4t Ry A 3 PT SR e . e S 7 BL A SRR TR o vk
A R

KEIA): AELRTE R AL, Piah; Septaas il b BREE R ) B A 2%

HESES: TP273 XEAARIRED: A

An observer-based approximate optimal tracking control for

nonlinear systems with persistent disturbances

TANG Gong-you!, GAO De-xin?, ZHANG Bao-lin®

(1. College of Information Science and Engineering, Ocean University of China, Qingdao Shandong 266100, China;
2. College of Automation and Electronic engineer, Qingdao University of Science & Technology , Qingdao Shandong 266042, China;
3. Department of Information and Mathematics Sciences, China Jiliang University, Hangzhou Zhejiang 310018, China)

Abstract: The optimal output tracking control (OOTC) problem for a class of nonlinear systems with persistent distur-
bances is considered. An approximate design algorithm of the OOTC law is presented in the finite time domain. Firstly, the
two-point boundary value (TPBV) problem, which is derived from the original OOTC theory, is transformed to a coupled
nonlinear TPBV problem in state vectors and adjoint vectors. The coupled TPBV problem is further transformed to two
decoupled linear differential sequences via a recently developed successive approximation approach (SAA). By iteratively
solving the adjoint vector sequence, the OOTC law can be obtained, which consists of analytic linear feedforward and feed-
back terms, as well as a nonlinear compensation term determined by the limit of the adjoint vector sequence. Furthermore,
a reduced-order reference input observer and a reduced-order disturbance observer are constructed in order to solve the
physically realizable problem of feedforward control. Finally, simulation examples show the effectiveness of the presented

approach.
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1 5|5 (Introduction)

ARG R R ) A AR B 1
Bl AT HARER B RGN, ST H B Bl R
Rl HLES N VN UM 16 00 i 4 BR B 4%
BT AR I R G A S s AT TR Bk 2 5D R %
BRI RS = St 7 = A1 VS 1S R 1 3 4 1 7 W K BB
T RGP e 0 R R ) e A R ) B SN
1H.

X AR 2R G ) B A i, MR AR B SR B 5 5
R fi#—>Hamilton-Jacobi-Bellman (HIB) /7 F£ 1k F
SR PN A In) R BRARIR R IR IS TEAb, 122K 1)

WA H 3H: 2005—05—30; Wt ok H 3H: 2006—06—13.

(P FEATT AR AL AT S ANAFAE I, BT AL v 2 BN
IR, H AT, fEAELerE R G0 de 42 iy T, &
DL AL B TF 5 v K BT DA 428, B85 7k
S SR ARHIB 7 5 (K GalerkindZ i@ 3T 114, 1% 7 1 7]
FHEARRE 2 TR IEITHIB 7 #0251, th THIB T
FE A — AN AR 2R 1 50 B2y 5 2, A2 A BB S,
X R 5 LA 0 7 R,
K B2 5 k2 SR AR AR 22 MEHIB T R 1) 2% K4 I
058032 7 R 4 K T R H BT U Adomian 43
fif s A 2 M TR AT 40 8, b - SRHIB T R 1R R
JEAA 5358 02 SR ARIR S MM [P Riccati /7 #2(state de-

BT H K A ARB A IE B T B I H (60574023); 1HZR4E HARFE T A SEG BT B0 H (Z2005G01); 75 55 111 HARRFE LG T0 H (05-1-1C-94).
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pendent Riccati equation, SDRE)IEACfgy:(78]; 542
J7 R — I IR B L A A U7 7%, AL G HE 2 1t
A5 3 B B IR A I AR O VR0 ARk, T K
ST T —Fh 3 1 ) A 5 R IR AR BB IR
MWL JTVE. ZITER R G AR LA I R G
). T 5| E A 1) 5, o Spe Peas il i) dU A0 A SK i
LR M AR TR R PR U In) AU, A5 B ) S A A e
DR BT K A TR AP 5 ) 5 (10 R R A 32 T 2 i,
FRORE R J0UE 3 5K fifERiccati 77 FE RN AR B T RE4] H 4615
B, B BRAME T 28 pH B I8 AT 7 SR A A B ) T
FEAF 2. 2R GEADOR A — D nlir i 7 J5 142,
ETT T Galerkini (X J& i1 v H B2 1% ACHIB 5 #2117 1A
M. %715 Galerkind® YOE T VEAH LG TH RN, &)
TSI 340 T de A A v R 2 k5 o A R A
{HE, BT L% J7 125 GalerkiniZ (G I A A7 LE AT PASE &
WA ST s ARG

ZIKIE’JHB’JEHL & 5 A A BRI s o R M RE R
PR —E 52 0 30 AR 26 1 2 Gt 1) B U PR I 4 ol i) 7.
XTijﬂF?ﬂé Pk 2 48 10 e DU R B 4 1, AR A A R AL DR
B2 FHORM — A AEFF IRHIB 7 FE B AR LR M JE 5%
YR 2520 W . A SR FH 38 UGB g i~ T
— PP Al e A R R AR R BT e AR
2 |n] B #iR (Problem statement)

Z 182 NAN AR LN R Gt

&(t)=Az(t)+Bu(t)+ f(z)+Duv(t),t >0,

z(0) = o, (1

y(t) = Cx(t).
Hrp: 2 e RUOIRE M &, v € RSN &,
v € REFHME T &, y € R™AHith v =,
flo) WAEL TR, A, B, CFD A i& 4 4501 7 =
SE P,

B 1 f(0) = 0H.f ()i i Lipschitz 4 1F

[f(z) = f@ <alz—-2|, Vz,2 eR". (2)
bk IE 4L

i 2 AP shol 3 A& R 2 R A &R
2% (Exosystem) ik

W(t) = Gu(t),
{v(t) — Mu(t). ©)
b w € RY, G RNk E 4 4 50 3

Hrank M = p, (G, M)5¢4 ] M.
¥ 3 FRGe(D & g b T i A R G
R

)

Hrf: 2z e R?, g € R™, F FH A 4 4e 500 &
FE, Hrank H = m, (F, H)5¢4> ] M.
B AT PR IS ) — I Bk R A

J= %{eT(tf)Qfe(tﬂ +
fotf [e"(t)Qe(t) + u” (t) Ru(t)ldt}.  (5)

Forb: Qp, QMR IE YR IEE T FE, e(t) I RS
e 2z, J

e(t) = y(t) — y(t). (6)

o D0 R A ) I A 5 e A DG R A ol e (2),

i THUAHAR /MA.

3 FEZRE (Main results)

3.1 PYRUIAAE A B ] 4k (Simplification of TPBV
problem)

R 8 B R AL it A 381 1) o D B 4 T ) 0 22 55
FEEN, RGUDHMA) KT ER Taﬁ(S)E@ﬁ%ﬁEEEE%?E%U
i L SR AR AN P R ) 2

—\t)=CTQCxz(t)— CTQHZ( )+ AT (tH
X001 <y

() = Az(t) = SA(t)+ f(x)+Du(t),0<t <y,
Aty) = CTQfC$(tf) CTQrH=(ty),
z(0) =
(7)
AR R ER R4 A Ay
u(t) = —R'BTA(t). ®)
o
_ —1pT 4T _8fT(x)
§=BR'B". f(x) = =5 =
T MNARZRPE N 5 AE 1) (7)o B R PR Oy,

AR A2 v 0 () 3 A B e, 4>
At) = P(t)z(t) + Pi(t)z(t) + Pa(t)v(t) + g(t).
)
Horhg(t)h 5 bt ) &, 1F F 2 b 22 R & X &
GO % mi. w95 5 W gl sk § 5, I
AP (t) =Py (t)M , B XD P RN, IG5 (D)
18 R #0015 Riceati F R 7 FE

—P(t)=A"P(t)+P(t)A-P(t)SP(t)+C"QC,
{P(tf) — CTQ,C.
(10)
FERERR Y T R
—Py(t) = P,(t)F — P(t)SPy(t)—
{ CTQH + AP, (t), (11)
Pi(ty) = -CTQH,
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—D(t) = P(t)G — P(t)SP(t)+
P(t)DM + AT P(t), (12)
P(t;) =0,

DL ARl ) S 500 7

—g(t) =[A = SP1)]"g(t) + P(t)f(z)+
fe @) [P(6)z(t) + Pi(t)2()+ (13)
P(t)w(t) +g(t)],

g(ts) = 0.

FrORANMD 2K, ARG T RGEA
[A—SP(t)]z(t)+[DM —SP(t)|w(t)—

#(t)=
SPi(t)z(t) — Sg(t) + f(z),
x(0) = xy.

(14)

T RE(10)2 ¢ T P(t) P Riccatifi FER 4y )7 B, A ME—

[ 2F TE R . 45 P () AN BE B 77 R (11)(12) 7T M

MR P () S P(1). ¥ RO AG) T AR

PREREE A
u*(t)=—R™'BY[P(t)x(t) + Pi(t)z(t) +

P(tyw(t) + g(t)]. (135

DAL b, 8O ST AN(E), P A AR ) 8 (7) B 2 46 kg o
TP N A W) A8(13). ERAR n) it 1 T Xk AR e
A5 BT A3) (14 7E A8 () Alg () b 2 B AR &
EI'J TESRAAR AT AR 2 AR DR HE 1), (2 A8 48 )5 1R P R
T 1) A R 1 5 N I T 7 1 SR B e ol 1)
E'ﬁ
3.2 T 5|3 (Preliminary lemmas)
IS MR RS
{z'(t) = G(t)z(t) + h(z(t),t) + Fo(t),
(16)
z(ty) = .
H: 2 e REOVRRE M &, v € R™ A&, h -
C'(R™ x Ry) — U, h(0,t) =0, G : C'(Ry) —
R BRI 4 4 B0 &5 B, i MGG =
to) B & i fE(t, = ty), Ry = [to, ty]. 1R Wh
JELipschitzZcfF.
Sl 1w X mERBUTI{P ()} A

20(t) = @(t,t) + | Bt ) Fo(r)dr,

20(0) =@t tn+ [ AP+ (4o,

h(z(kfl)(r),r)]}dr,
k=1,2--, teRy,

HPd(t, t,) & R 6)F R TAEREG() RS
SR, W2ty = to I, BRI BRI {20) ()} —3X

WS T R (16) I
E W) RCN (Ry) 19— AP 51,
KA

2D (1) =2 p) :f &1, r)h(z0 (r), r)dr. (18)
- hii A Lipschitz 44, FTLAf
sup [|D(t, ts)|| = M, [Inll =,
teRp
sup [|a(=.0)] <all=].z € U (19)
sup ||h(2, t)_h(27 t)“ < ﬁ HZ_*%H y 2y 26U7
teRp
HAH M, ~y, o FBEIEFEL
([P (to, to)|| = | I]| = 1, AT%IM > 1. X ih
K187
|20) — 20 0)| < Ma [ |29 dr <
M2Oé’7(t — t(]). (20)
XA
2B (t) — 2W(t) =
[F @O, )~ b @), Pl @)
PN
HZ(2) (t) _
M [ (D), 1)~ b0 ), )ldr <

oM [ [|29)

1
aaﬁfyMg(t —t0)% (22)

Z(l)(t)H <

— 2(0)(7“)Hdr <

IRYSHET
PRY
|90 —=00 )| <aptyara LS o)

k!
1 = ANRE U, AT R Mk A

Hz(k)(t) — z(k‘j)(t)H <

k43 ) ] t—t %
Z aﬁi—l,yMH-l( - 0) <
i=k+1 1
ayBE M2 (¢t — to)k+ (M=)
(k+ 1) ’
tERpk=1,2,--. (24)
R QWAL

()| =0, Vi >0. (25)

klirn Hz(k)(t)
e {z®(t)} &£CN (Ry) Fif)Cauchy)3 51, ‘XA
Fe 52 — BB TR AT R 1Y, #OZ 51 A R
e RG6) IR,
.
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I 5 R EUT A=) ()} b i *Eﬁﬂﬁvﬁlawwlﬁmiﬁ 53 IRl
2O (t) = B(t, L 77+f (t,7)Fu(r)dr, g0 =[A=SP®] g (1) + 7 (0)
" [Pl(t)z(t)+P() (®)];
S0 = 0t + [ @ENIFUI g |- g0 [4-SPOT 0+ P9 £(a0 )+

W0 (), )] tdr,

[ k=1,2,- ,tERy.
Wty = tp0f, AU P 20 (1)} —Bulksh T
RYL(16) 1.

SIH24E I [R5 B, SEAE .
3.3 A PR BR 5 A 2 Th(Design of the
OOTC law)
KT H ARG B 1R 5K T GefR
PRSI B R R4 1l 1) @, 25 B o & 2L
EFE 1 RG)MEGK T HERETR G AL
BRI R S e
u*(t) = —R'BY[P(t)x(t) + P (t)2(t) +
P(tyw(t) + ¢ (1)) 27
P(t) J& 5 BE R oY 77 FEQLO0) IR ME— 21 1F 5E fi,
( )%HP(t) 2 K0 R4 7 FEQLDFN2) ) ME — fi#,
g (t) = kh_g)log(k (t), Flbt ) Hg ™) (£) a0 R R
JF AP il
(O — _ [T T
gV =~ o
P(r)w(r)] dr,
g9 (ty) =0,
g9 (1) = = [T @ (t,r) {P(r) f* V() +
SE@ D () [P(r)a* ”(7‘}#
Py(r)z(r)+P(r)w(r)+g" " (
g(k)(tf) :O?k = 1727"'

r)fz (0) [Pr(r)z(r) +

(r)]} dr,

(28)

Horpa® (4) i 2
(2O ) =a(t,0) Jao+ [ Dt
w(r) — SPi(r)z(r) —
9(0) =,
28 (£) = B(t, 0)ag+ f:@(t,r) {[DM—SP(r)]
w(r) — SPi(r)z(r) — Sg™ (r)+

f@® V() } dr,
=x0,k=1,2,---.

) {[DM —SP(r)]x
Sg(r)} dr,

| :13('“)(0)
29)

XHP(t, ) AFFEA — SP(t)FPRASFER .
UE AR e s (3) AT 4B 52 (19 (R )

FH@ED @) PO () +
Pi(t)z(t) + P(t)w(t) + ¢* D (2)],
g () =0,k =1,2,--;

(30)
REHFETFH

O (t) =4~ SP(B)} (1) + [DM ~ SP(1)]

w(t) — SPit)z(t) — Sg(o)(t),
[A=SP(t)]x® (t)+[DM —SP(1)]
w(t)—SP(t)z(t)—Sg® () + f(z*=D),
x(k)(o) =x0,k=1,2,--;

™ (t) =

(€2
BAR R F 328 1l Py 47
u™(t)=—RIBT[P(t)x®(t) + Pi(t)z(t) +

P(t)w(t) + g™ (1)]. (32)

Iy SR AR5 T FEB0)(31), AJFEFA ) J7 R 41 (28)
(29). VEE BAEFH(30) GDHMB2)H & 5 5] H1
55l #2 2 AR AR B ., i Trg©@ ()2 4, W]
LU G2 O) (¢), T4 75 R 7 511(28) 15 (29) & — AN i
R ML, Mk > 10 /] IS B 5™ (1) 5
) (#) [ {8, 3 17 % 2BV A i) A8, a) A SR 15
u®) (¢) (R,

IUAEGE B4R 0 {u™ () } (e siotk. by (8
g 1%&15(/\?}?@@45(@(@ 53 {2 ®) (¢) A
{g® (&)} ACN0, ;] — A FEF. AR5 #1155
B2, A9y )5 BT HU(28)FIQ9) I fift 17 511{ g *) (¢) } Al

(209 (1) LSl 1)
klim g (t) = g(t), klim ™ (t) =z(t). (33)

HAEEF S {u®) (8)} 25 {z®(t) }{g™ (1)}
FHOCIR, BT DLE ot — SOl R 2k — oo
o, R A {2 (¢) } AR R (¢) B R SR
AL, L) A {u®)(2) } AR B (¢) R
h B BR B A (27).

B o UE B () I ME—PE. T (6) ) E— r
HP(t), P(t)5P(t) ME— e i, Bril i
WI(LO)(L D) AI(12) 47 PE — fig B 7] lﬁ(lo)m%ﬁﬁim
oy 7 FE, B2 PE &R G A ¥ i IR K1, Riccati fy
FRAOVEME—FIEEMRP (). XK IP)A E A
e 0 g I AR AR B, B AR(11) 5 (12)3 A Lipschitz4%
1, W B B 2 7 FEADFA2) 4 5E 2 ) A ME —
il PL(t)FP(t). EFE1HIEEE,
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VE 1 7850hr R IR B e it v it vh, FEBE 7
Fef# R { g™ (6)} HIRRIRG (™) (1) — eI TE sk 1,
T 5 Y T B T FR I B e AR SR A AL IR A A, AN
#3205 B D R R A

up(t) = —RIBT[P(H)x(t) + PL(t)2(t) +
P(tyw(t) + g™ (1)). (34)

FE 2 G312 (6) R IR A 1) 52 (0K 10 i,
Jir CAZR B R A BR B 4 bl e, () AL T2 (32) & X i)
SRR ER B A () (1),

TESEBR N A, AT DO B T 2 iR B ok
e ke B, T TR P B 45 FR I A XA B A Uk
25 H — b g AR A AT B N 380 1 30 AR e D0 R B 4

AR S H k.

Hik1

1) @)k T 5 Hg(t), 205 i R0)~
12k B P(t), Pi(t)5P(t), &k = 0, J_ Bl — %4y

KIJIEE, o > 0;
2) H@8)sk g™ (¢), IFARNIRB4)K Hiuy (2),
B RAA B RGeS, RE R 6)K He(t);
3) &M =k, Hi

Tar = 51T (1) Qelty) +
[ €7 (0Qe(t)+ul (1) Run (1)]de}. 35)

K Jars
4) f
|(JM—JM_1)/JM|<O' (36)

JRAT, U LB, i R A e (1)
A, QIR HZ® (1), 2k = k + 1, HE2).
3.4 PRI P B n] SEPR ) B (Physically realiz-
able problem of the control law)

HT T foe 0 R B 42 1 2T i (8) Rz (8) 20 931
A B GERIAN AR S 1 &, PT RA e  BR ER
2 8 A 1 A A {—RIBT[P(t)2(t) +
P(tyw(t)]} WA T LB, AEA b, G
18 2 2% A N B 4R 0 I 4 AP B B2 A 00 I 4% 43 il
Xw(t) Mz () BEAT H A, Wi 43 2 20 2 5 PR R A%
.

BB AN TE XS T A R G B A R T BG4y
()3 Bk BH BEMANH, W A7 75 W & 5 BN €
RU—P>rfIL € RU—m™xa ffHAE MY NT) €
R fI[HT LT] € RI*EL 5. 43514

O — [M N]_T — [01 02],
_ G Gro 37
OGO =
G21 G2

JE DR AR T I 2 1) B2 P AR ek 28 Gl Bk s DL R 4 729
A
T — [H L]_T — [Tl TQ],
gy | B R (38)
Fo Fy

Hrp: O, e R, 0, € R™*(=P) G, € RP*P, Gm €
RPXT P Gy € ROUPxp G, ¢ RO—PX0-p).
T, € qum, T, € Rexe=m) F ¢ Rm*m [, €
RMX(q—m), Fy € R(q—m)xm%up2 c R(q—mw(q—m)y}j
AR SING MR e = Owfllz = Tz, If
E Xwt = [wf wf|fzT = 2T z]], Hw, € RP,
Wy € ROTP) Z, € Rz, € RO—™) ARG H)&
R T REQ) R4 TR R Ky

’Lbl (t) - lel (t) + G12w2(t),

Wy (t) = Gy () + Gotwa(t), (39)
o(t) = wi ()
F
Zi(t) = Fiz:1(t) + Fiaz(1),
z(t) = Fazi(t) + Fazo(t), (40)
y(t) = z1(0).

1 3R(39)@O) T 411, @y (£) 1z, (£)49 B Ko (t) R (t).
Nzy(t

I
)

DAL G B0 A B A 5% Trog () A (1 A ) s B
HJ.

WRIMO = [I, 0], HT = [1,, 0], %(G, M)
(F, H)REML M 2% S ik M, (Ga, Gay) $D(F27F12)ﬁ
PRI

WCRT #4338 T 2 X I Luenberger S 45 W8 &%

a(t) = Gn(t) + Mu(t), “n
Wy (t) = n(t) + Kio(t),

F
m(t) = Fm(t) + Hy(t), @)
Za(t) = m(t) + Kay(t),

Ho:n e RO=P), m € R@™) 43 51 g B 4 0 I 2 11

RS 1) 5, o (6) FH 20(8) 43 90 Ao (8) F1Zo (¢) B I
i, G = Gy — K\Gip, M = GoK, — K,G1,K, +
Go — K\Gy, F = F, — KyFpy, H = FK, —
KyFio Ky + Fyy — KoFy, KGHIK, 41558 I R4
FERE.

h T PRUE R AE I 25 B W S e, T aE e i U
KK H, Gy — K1G1oHFy — Ky Fio[FRFAE
AL TR E s @D @25 25 R 5050
AR REG) M) Hrw () Rz () ORI 53 531 A

w(t) = Oan(t) + (O + O Ky )v(t),  (43)
2(t) =Tom(t) + (T + T K2)y(t). (44



730 oA s N H 244
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I Bh AR B B U

m(t) = Fm(t) + Hy(t),

a(t) = Gn(t) + Mu(t),

u*(t)=—R™ BY[P(t)x(t)+ Py (t) Tam(t)+
P (t)(Th+T2K4)y(t) + ( )02”(75)
{ P(t)(01 + O2K1)v(t) + ¢ (1))
(45)

H 3 HTESREEREAS) TS HSH AR
FPRA RN T7 2, it LLAS B8 PRtk L 2% e D0 i ) R R 42 7
P INE T Ly & R ERTSY R I ND ST BuBrige=biiBri ke IR [Fr
8 28 B Iy Ko AT P4 ) 255 R R AT b e P R A
il
4 {jE~H (Simulation examples)

FEH R AR R4, Horp:

/

a_| 0] 5o 0]7
11 1
o[-
0 01
(46)
flz) = [ ”]
Ty — Ty
z2(0)| |0
AN AN R Q)b Hip:
o [—5 0.8] e [1 0] | [wl(())] _ H |
1 -0.2 01| |ws(0) 0
47)

ZEMININR G (DS E N
F:[ 0 1] e [0.3]T7 [21(0)] _ H |
0.8 —1 0 2(0) ] |0

(48)
RGMPERESRAR (S IS HN
Q;=1,Q=5R=1,t; = 10. (49)

GRS o = 0.01. 4|(Jy — Ji—1)/Jx| < o,
WA T IRAT AN 5K ) e DU R R A, R4
PiEC i . E20s.

MEIATE R Ty > Jy > - > Jg, MIMEAEEARE
B A AR It gk /S, A8 T — AN 1 A
Aefbn g . IR W] F H A A i, PR
PR BRAH T8 25 B/, Mk = SN, AL 3 RS
TR, PRI A] DAt ug () 5 R A5 R0 R 2 i A

u(?)

1 () P2 1) 2 0 ELAE 2

Fig. 1 Simulation comparative curves of u(t)

0.3

0.25 H

K2 e(t)BREARZE (7 B LLA Hh 2

Fig.2 Simulation comparative curves of e(t)

R 1 AU a8 ARME R R A
Table 1 Performance index values and errors
WA YRR (ke — Te—1)/ k]

0 96.2657 -

1 76.1005 0.0655
4 72.5054 0.0268
6 69.4447 0.0183
7 68.5784 0.0125
8 68.0342 0.0079

5 Z5i8 (Conclusion)

ZYKIQL TR AR R G A R ) R

TUPE BT AR 20 T (1) S D A ) SRR 4 o e 0. R
BUCGEITVE B T —FhIE T2 2 i N\ [ 2 S0 000 35
Pt 5l 1 A W0 5% 1) 3 2 SR B3 A S A s il A 1207
VR T HAE SR AFHIB T FE 10, 5 GalerkiniZ (K&
ICEA LTSRN, 5 P98l HZ o A 20 el
P AR M 0 R AL, T AE AR LI AR
ARG T, BT LA AT LA e s S R AR
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